Purified kerosene was fractionated for 5°C rise in boiling point. Vapor-liquid equilibria of each fraction containing a minute amount of diethyl sulfide of «-propyl mercaptan were measured at 1 atmosphere. The equilibrium ratios of the minor componentsin each fraction are expressed as functions of the boiling point of the fraction.
Intro duction
For discussion of the behavior of a minor component in distillation, the first requisite is the vaporliquid equilibrium data of the minor component in the system concerned. Vapor-liquid equilibria of many systems containing a minor component have been measured, but almost all data published hitherto are for binary systems. No equilibrium data of a minor component in a so-called complex mixture such as petroleum have yet been reported.
In this study, it was attempted to represent the equilibrium ratio of a minor componentin a complexmixture by a useful function for distillation calculation. As a complexmixture kerosene was used for convenience. Either diethyl sulfide or «-propyl mercaptan was added to the purified kerosene as a minor component.
Preliminary experiments on isooctane-diethyl sulfide and isooctane-/*-propyl mercaptan systems were carried out to detect the concentration range in which the equilibrium ratio of the sulfur compoundexhibits a constant value. The equilibrium ratios of the minor component in each fraction of the kerosene were obtained from measurements of vapor-liquid equilibria. They were expressed as functions of the boiling point of the fraction of kerosene.
1. 5°C rise in boiling point by fractional distillation in a laboratory packed column, about 2 cm in diameter by 117 cm high, packed with 7-mm glass helices.
2 Experimental procedure
For the measurement of vapor-liquid equilibria, an Othmer-type still was used. About 230cc of hydrocarbon containing a minute amount of either diethyl sulfide or «-propyl mercaptan was charged into the still. After operation for 7 to 10hours, samples were drawn for analysis.
3 Analysis of sulfur compound
The concentration of diethyl sulfide was determined by spectrophotometry7).
Each sample was diluted with purified isooctane and added to 1 cc of iodine solution in a 10-cc measuring flask. The absorbance at 310nmwas measured and the concentration of diethyl sulfide was obtained from a calibration curve, prepared previously. A double-beam spectrophotometer (Hitachi, Model 124) was used.
The concentration of rc-propyl mercaptan was measured with a mV-meter (Toa-denpa, HM-5A).
Experimental Results
It has been shown for several systems1"3>5) that the equilibrium ratio of a minor component exhibits a constant value as the concentration of the minor component becomes small. To confirm that this rule can be applied to the sulfur compounds in a hydrocarbon, the equilibrium ratios of a minute amount of diethyl sulfide and w-propyl mercaptan in isooctane were measured at atmospheric pressure.
The results are shown in Fig. 1 . It can be seen that in the concentration ranges under 0.002 mole fraction of the sulfur compound in liquid phase, the equilibrium ratio of the sulfur compoundexhibits a constant value: 1.50 for diethyl sulfide and 3.03 for npropyl mercaptan.
Vapor-liquid equilibria of diethyl sulfide and npropyl mercaptan in each fraction of kerosene were measured at atmospheric pressure. The experimental results are listed in Tables 1 and 2 . Equilibrium ratios based on weight fractions are converted to ordinary equilibrium ratios (based on mole fractions) in the next section. However,the values of the equilibrium ratios are only slightly affected by this conversion.
Data Reduction
For distillation calculations, it is preferable to ex- By using the average molecular weight of each fraction of the kerosene, the concentrations were converted to mole fractions. In Fig. 2 , the equilibrium ratios (based on mole fraction) of a minute amount of the sulfur compounds are plotted against the boiling point of the kerosene fraction, which was measured at the still. The smoothed-out curves in this figure are drawn according to the following equations : for diethyl sulfide K=-4.2301+6.5367x 10"%-1.2760x 10-%2 (2) and for «-propyl mercaptan 
